High-resolution 3-D seismic data acquired in the Sea of Marmara on the Western High, along the northwestern branch of the North Anatolian Fault (also known as the Main Marmara Fault), shed new light on the evolution of the deformation over the last 500-600 ka. Sedimentary sequences in ponded basins are correlated with glacioeustatic cycles and transitions between marine and low sea/lake environments in the Sea of Marmara. In the 3 × 11 km 2 of the 3-D seismic survey, deformation over the last 405-490 ka is localized along the main fault branch and north of it, where N130°-N140° trending normal faults and N40°-N50° folding accommodated strike-slip deformation associated with active argillokinesis. There is some evidence that deformation was more distributed further back in the past, at least over the depth range (<600 m below seafloor) of our survey. A N110° basin and buried ridge system were eventually cut by the presently active fault. The southern part of the basin was then uplifted, while the northern part was folded but continued to subside along the fault. A mass transport deposits complex dated between 405-490 ka shows a lateral displacement of 7.7 ± 0.3 km, corresponding to an estimated slip rate of 15.1-19.7 mm/a. We conclude that this strand of the Main Marmara Fault on the Western High has taken up most of the strike slip motion between the Anatolian and Eurasian plates over the last 405 ka at least.
Introduction
The Sea of Marmara is a strike-slip basin along the North Anatolian Fault (NAF) that has been intensively studied in great part because of the threat of large earthquakes and tsunamis that offshore active faults present for the Istanbul area. Although the Sea of Marmara is one of the best known examples of a pullapart basin, there remain unsolved issues regarding segmentation, fault slip rate, and tectonic evolution that have general implications for the understanding of continental strike-slip system and related geohazards. The NAF is a dextral transform continental fault, which accommodates the motion of the Anatolian plate relative to the Eurasian plate, determined by GPS to about 20-27 mm/yr ( Figure 1a ) [Meade et al., 2002; Le Pichon et al., 2003; Reilinger et al., 2006; Hergert and Heidbach, 2010; Le Pichon and Kreemer, 2010] . At the eastern end of the Sea of Marmara, the NAF splits into two main branches (Figure 1b) [Şengör et al., 2005; Flerit et al., 2003] . The northern branch takes up most of the strike-slip motion and runs through the Sea of Ganos faults across the Sea of Marmara (Le Pichon et al., 2003) ( Figure 1B ). This fault, may be divided in two or three segments ( Figure 1B ), the Western, the Istanbul and the Çınarcık segments, that could rupture independently during large earthquakes (Parsons et al., 2004; Pondard et al., 2007; Oglesby et al., 2008) . Several active fault branches splay from the MMF (Armijo et al, 2002) and may represent flower structures rooting in a single crustal or lithospheric shear zone (Bécel et al., 2009; Bécel et al., 2010) . Mechanical models constrained by GPS data suggest that, because of these complexities, the strike-slip rate along the MMF may vary between fault segments, ranging between 12 and 18 mm/yr, constituting half to two thirds of the total Eurasia-Anatolia motion (Hergert and Heidbach, 2010) . However, the strike-slip velocity on offshore faults in the Sea of Marmara remains largely unconstrained.
On land, stream terraces and alluvial fans are often used as markers to measure the long-term lateral offsets of fault zones. In central North Turkey where the NAF is a single fault, fluvial terrace correlations suggest that the Holocene slip rate is consistent with the slip rate deduced from the GPS data in this region (Hubert-Ferrari et al., 2002) . In the eastern part of the Sea of Marmara, offset of shallow water geomorphology during the Holocene yielded slip rates for the Izmit and Gemlik faults (Figure 1 ) that imply partitioning of strike-slip motion between the Izmit and Gemlik faults (Polonia et al., 2004; Gasperini et al., 2011) . In the western part of the Sea of Marmara, however, the MMF may take a larger fraction of the strike-slip motion. For instance, mechanical modeling based on GPS data suggests slip on the Western High segment may account for nearly all of the 18±2 mm/yr motion across the Sea of Marmara, consistent with paleoseismological slip estimates on Ganos Fault, (e.g. Hergert and Heidback, 2010; Reilinger et al., 2010) .
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Another debated issue is the evolution with time of fault-network geometry and kinematics since the initiation of the NAF system in the Sea of Marmara, which is thought to have occurred 5 Ma ago at the earliest (Şengör et al., 1985; Armijo et al., 1999) . Steady-state models for crustal thinning and subsidence have been proposed, based on pull-part fault geometry and shear partitioning (Armijo et al., 2002) or on oblique slip on non-vertical through-going master faults (Seeber et al., 2004 , Okay et al., 2000 , Okay et al., 2004 . On the other hand, it was also proposed that the MMF could be a recent structure about 200±100 ka old, cross-cutting an older system of pull-apart basins (Le Pichon et al., 2003; Rangin et al., 2004) . Studies of deep basin structure show evidence for changes in the subsidence pattern with time (Carton et al., 2007; Bécel et al. 2010; Grall et al., 2012) , but these changes are gradual as the present day subsidence pattern may have remained in steady state for several hundred thousand years, at least 500 ka for the Imrali and Kumburgaz basin (Sorlien et al., 2012) , and about 330 ka in the Central Basin (Grall et al., 2012) . Current understanding of the tectonic evolution in the Sea of Marmara relies primarily on observations in the basins that La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides constrain the vertical component of motion on faults. Independent estimates on horizontal slip velocities are generally lacking. It thus appears important to gain better knowledge of the ages of the active fault strands crossing the highs and of their horizontal slip rates. [Imren et al., 2001; Rangin et al., 2004] [Vidal et al., 2010, and this study] are located by a blue circle. B. High resolution slope gradient map derived from the seafloor peaking over the 3D-seismic data. The 3D high-resolution survey was carried out using two streamers (of 48 traces) and two high frequency air gun sources . Lateral resolution is estimated between 13 and 25 m on the migrated seismic volume (bin size 6 m) at the seabed and the vertical resolution is of 3.5 m [Thomas et al., 2012] La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides
The objective of the work reported in this paper is to estimate the slip rate and to characterize the deformation along the MMF in the Western High, where high-resolution 3D seismic data (Thomas et al., 2012) (Figure 2A ) were acquired. The 3D high-resolution survey covers an 11 by 3.3 km2 area of the western part of the Western High, straddling the main strike-slip fault branch of the MMF (Figure 2A ). The Western High 3D seismic data set displays several complexes of Mass Transport Deposits (MTDs) in ponded basins, including one apparently offset by the main strike-slip fault, used to determine the horizontal component of slip. The age of the MTDs is estimated from their positions within the stratigraphic sequences, which we correlated with global eustatic cycles. Such correlations have been previously performed throughout the eastern part of the Sea of Marmara (Sorlien et al., 2012; Seeber et al., 2006) and in the Central Basin (Grall et al., 2012) . We extend these correlations to the Western High. The approach is explained in more detail below in the "Methods and stratigraphic model construction" section.
METHODS AND STRATIGRAPHIC MODEL CONSTRUCTION
3.1. Stratigraphic sequences in the Sea of Marmara: Background Glacioeustatic cycles determine the periods of connection between the Marmara, the Mediterranean and the Black seas across the Dardanelles and Bosphorous sills (Ryan et al., 1997; Aksu et al., 1999; Mudie et al., 2002; Kaminski et al., 2002 , Vidal et al., 2010 Çağatay et al., 2000; Çağatay et al., 2003; Çağatay et al., 2009; Badertsher et al., 2011) . The Sea of Marmara has thus undergone transitions between a salty marine environment, when connected to the Mediterranean Sea, and a brackish environment, frequently influenced by outflow from the Black Sea, depending on the global sea-level, the climatic conditions and the depth of the Dardanelles sill (Çağatay et al., 2009; Vidal et al., 2010 ). Considering global sea-level variations (e.g Lisieck and Raymo, 2005; Siddall et al., 2003) , transitions from low-stand sea/lake to high-stand sea/marine transitions are expected to occur at approximately 100 ka intervals in the Sea of Marmara (Grall et al., 2012 , Sorlien et al. 2012 Çağatay et al., 2009 ).
However, the depth of the Dardanelles sill varied with time as a consequence of erosion and sedimentation, probably in the 50-85 m range (Çağatay et al., 2009 ) precluding a priori determinations of the precise timing of the transitions from global sea-level curves.
Environmental transitions, and associated variations in water level, also produced variations of sedimentation rates and stratigraphic sequence boundaries on the shelves, as well La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides as in the basins (Çağatay et al., 2003; Çağatay et al., 2009; Seeber et al., 2006; Sorlien et al., 2012; Grall et al., 2012) . During the last lacustrine period, sedimentation rates in the basins may have been 2 or 3 times higher than during the marine period (Çağatay et al., 2003; Seeber et al., 2006; Grall et al., 2012) , and the frequency of submarine mass-movements increased during the last marine ingression (Zitter et al., 2012) . The topographic highs separating the basins are deeper than the shelves (300 and 600 m minimum depth). For this reason, they remained submerged during the last glacial cycle (and presumably throughout the Pleistocene), and followed the same general pattern of variation in sedimentation rate with time as the deep basins.
A detailed record of sedimentation rates within low-stand sea/lake, high-stand sea/marine sediments units and during the last deglaciation period is provided by two long ). The age model shows that a sharp drop of sedimentation rate is associated with the deglaciation, as already observed in deep basins e.g. (Seeber et al., 2006; Beck et al., 2007; Grall et al., 2012) . This period of low sedimentation rates (0.2 mm/a) lasted from 15,000 to 5,000 years BP. Sedimentation rate increased again over the last 5,000 years from 0.2 to 0.4 mm/a (Vidal et al., 2010) , but not as much as glacial rates, which were about 0.5-0.6 mm/a. These variations could be explained by transient sediment storage on the shelf after sea-level rise (Zitter et al., 2012) , and were, perhaps, facilitated by related variations in sediment transport dynamics and in the input from rivers and the Black Sea. In the deep basins, these variations of sedimentation rate are reflected in the geometry of deposits. For instance, echo-sounder profiles show that the post-glacial marine sediments display lateral variations in thickness and pinch out toward the edge of the basins, while the underlying lacustrine sediments do not (Seeber et al., 2006; Zitter et al., 2012) . In this work, we document stratigraphic sequences consisting of alternating draped and filling units, showing moderate and strong sediment thickness variations, respectively ( Figure   3 ). Moreover, several of the filling units display onlap at their base. We hypothesize that these sequences correlate with glacial-interglacial cycles and that the filling units corresponds to La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides high stand deposits. In this case, episodes of slower sedimentation rate occurring at the end of each glacial periods would represent the sequence boundaries.
Stratigraphic age model construction
We calculate age estimates for the main reflectors from extrapolation of the average glacial/interglacial sedimentation rate, which is known locally from MD cores. This age model is then correlated with both the glacial/interglacial history and the age model of (Sorlien et al., 2012) for the eastern Sea of Marmara. The age model, is defined so that our sequence boundaries coincide with episodes of sea-level rise.
The sedimentation rates through the sedimentary sequences of the perched basins within the 3D seismic survey were computed by downward extrapolation. The sedimentation rates were constrained by the depths of the uppermost horizon and dates from correlation with Marion Dufresnes cores (Lericollais and Henry, 2004) . The sedimentary records of the highs contain hiatuses and, thus, ages were extrapolated only within the perched basins, where sedimentation rates vary less within time. Ages were computed locally for each of the deeper horizons on a grid of regularly spaced points. We calculated the age for a given horizon by averaging the age computed over this grid, and estimated the probable age ranges, from the standard deviation of the age distribution obtained for each horizon. The standard deviation of the age distribution provides an estimate of the uncertainty resulting from progressive changes in basin geometry. A compaction model deduced from the velocity analysis of seismic reflection data was used for the sedimentation-rate extrapolation. The P-wave velocity with depth was determined by a linear regression (V(z)=V o + C*Z) (Sheriff, 1973; Tolmachoff; 1993) , with : V 0 , the velocity at the seafloor in m/s; and C, the velocity gradient in s -1 . A relationship between porosity and depth is derived using a general relationship between Pwave velocity and density for sediments given by (Brocher 2005) . The porosity-depth relationship is approximated as an exponential (Athy's law),
is the porosity of the sediment on the seafloor, z 0 is the seafloor depth, and a is Athy's constant. The compaction model obtained was implemented in the downward extrapolation of sedimentation rates at the seafloor, to estimate age ranges of the horizons. The age model represents the raw results of this extrapolation, and we show it is compatible with an interpretation of stratigraphic sequences in term of glacio-eustatic cycles. The stratigraphic sequences recognized were correlated with the ones proposed by (Sorlien et al., 2012) , who La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides Alves et al. 2011) .
La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides Figure 3 ). These basin filling units alternate with draped units which display moderate lateral variations of thickness, either acoustically transparent or bearing laterally continuous internal sub-parallel reflectors.
Horizon age assignement and age uncertainties
The age model is based primarily upon the downward extrapolation of the sedimentation rates though the sedimentary column after correction for compaction.
Sedimentation rates were derived from the first regionally defined seismic reflector beneath the seafloor, named H0, dated by correlation with cores (Lericollais and Henry, 2004), Figure   2 and Figure 6 ). At the coring site, H0 is found at the same depth (around 15 m, 19.5 ms twt bsf) as the tephra layer dated at ~39 ka. The mean sedimentation rates derived in this way represent an average over a high-stand sea/marine period (between 0 and 14.5 ka) and a lowstand sea/lake period (between 14.5 to 39 ka). These sedimentation rates were used to construct the stratigraphic age model assuming that sediment input, although highly variable in the short term, remains steady at the first approximation, when averaged over glacial/interglacial periods of comparable duration, such as a 100 ka glacial cycle. Downward extrapolation of sedimentation rates took into account the variation of P-wave velocity with depth for twt/depth conversion and for determining the effect of sediment compaction (porosity loss) during burial. Horizon-time maps were converted to depth by using interval velocities, obtained from velocity analyses along 2D long-offset profiles (Figure 2 , Table 1 and MIS-7. The reason why two 100 ka sequences display larger lateral variations of sediment thickness than the others is still not understood. Stratigraphic sequences identified in the 3D box were correlated with reflector sequences in the Eastern Sea of Marmara, for which an age model has been proposed (Sorlien et al., 2012 ). This age model is based on the interpretation of deltas buried in the North Imrali Basin as low stand markers, and the correlation of these deltas with seismic reflectors extending over the Central High, the Kumburgaz basin and the SE Central Basin (Sorlien et al., 2012) . Unfortunately, incision by canyons on the southern slopes of the Central Basin makes difficult correlations of reflectors shallower than H5 in the 3D box with those in the Eastern Sea of Marmara. The correlations we here propose are thus, in part, based on reflector character. Reflector H1 may be recognized over most of the Sea of Marmara as the first high amplitude negative polarity reflector below the seafloor. Also, the acoustically transparent intervals between H4 and H5 and below H6 appear as characteristic features that can be recognized on both the Western High and the Central High. In addition,
we proposed that onlap sequences in basins could be explained by rapid variations of sedimentation rates during and after episodes of rapid sea-level rise. Consequently, they should correlate with the top successive low-stand deltas in Imrali Basin. Integrating these constraints, we obtain the following correlation: H1-H1' correlated with Red-1, H2 with Blue-2, H4 with Purple-5, and H5 with Green-6; and both stratigraphic age models, constructed with a similar approach, i.e. assuming that sediment input, although highly variable in the short term displays less variability when averaged over 100 ka glacial cycles, are consistent ( Figure 5 ).
La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides plotted on the global δO 18 curve (modified from Lisiecki et al., 2005 . The colors and the horizon names are the same than on seismic lines (see Figures 3, 4, 7 and 8) and in Sorlien et al., 2012 (Sorlien et al., 2012) .
. The age model is obtained assuming a constant sedimentation rate through time. The solid lines and the haloes around correspond to the mean and the standard deviation of the age computed respectively (refer to Figure 7 to see the zones where ages have been computed). The colors and the horizon names are the same than on seismic lines (Figure 3, 4, 7 and 8). The vertical dashed lines and the horizontal dash lines represented the low sea/lake level to marine transition proposed by
STRUCTURES AND POSSIBLE CORRELATION OF SEDIMENTARY BODIES ACROSS THE MMF
The MMF currently runs in a linear valley with an E-W orientation. Two small, narrow subsiding basins, are observed along the north side of the MMF. These two faultparallel troughs are hereafter called fault-zone basins. The western fault-zone basin opens westward to the deep Tekirdag basin and the western part of the basin is collapsing above listric faults. The basin is bounded to the north and south by two parallel faults. Vertical faults striking 15° clockwise of the bounding faults cross the basin (Figure 6 ) and are interpreted as Riedel R1 faults (Riedel, 1929 , Tchalenko, 1970 . The basin is thus interpreted as a narrow pull-apart basin between two parallel strands of the MMF, connected by Riedel shears ( Figure   6 ). The sedimentation above H1 forms a fan thickening eastward, and in the eastern part of the basin, the imaging quality degrades beneath H1, displaying a reflective and chaotic acoustic basement. Layered sediments are imaged to deeper levels (>200 ms bsf) in the western part of the basin, but can still not be regionally correlated below H1.
The eastern fault-zone basin displays a thick coherent sedimentary section with a maximum thickness of around 400 ms twt along the MMF (Figure 4) . The eastern fault-zone basin is an asymmetric basin, in which sedimentary layers are progressively tilted toward the MMF; fanning is well developed between H2 and the seafloor, notably around H1 (Figure 4 ).
Fanning on deeper horizons H4 and H6 is much less pronounced, indicating that most of the tilting toward the MMF occurred after the deposit of horizon H4.
Between these basins, a 3-km-wide mildly undulating topographic high roughly trend in the N045° direction (Figure 8) . This high appears to be part of a larger scale in an en-échelon N045° folding system (Figure 2, Figure 6 ). The geometry of the folds appears complex, probably because of a component of argillokinesis, as fluid-escape mounds are observed within the survey (Tryon et al., 2012; Tryon et al., 2010) . The folded layers are cut by escarpments oriented N120° to N140° which correspond to normal faults. The N45° trending folds and small orthogonal normal faults indicate distributed deformation at shallow depth range (above H4, less than ~700 m depth below seafloor) within a right-lateral E-W strike-slip zone extending north of the fault at least over the width covered by the survey (1.5 km).
La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides South of the MMF, an elongated ridge, 2-km wide, hereafter called the Southern Ridge (Figure 6, Figure 7 ) runs parallel to the fault. The northern flank of this ridge displays N45° listric normal shear planes and tilted blocks (Figure 6 ), suggesting interaction between slope failure and strike-slip strain (Figure 6 ). These shear planes commonly cut the seafloor and H1 (Figure 6 ) and are regularly spaced, indicative of progressive creep-like deformation (Shillington et al., 2012) . Slide scars also affect the eastern end of the ridge, where the orientation of slope failures appears primarily controlled by the slope toward the Central Basin. To the southwest, a gently sloping plateau extends in topographic continuity with the top of this ridge to the SW of the 3D box (Figure 6 ). This plateau is a N225° broad anticline cut by faults parallel to its axis ( Figure 6, Figure 4 ). These faults root at a shallow level (between H1 and H4). At a deeper level, blind faults with normal displacement affect H4 and layers below and strike about N120°, nearly orthogonal to the presently active ones, but consistent with the orientation of blind faults on the other side of the MMF (Figure 3, Figure   8 ). In the plateau area, basin-filling sequences were deposited on H4 as well as H6 and display strong discontinuous reflections and incoherent intervals interpreted as MTDs ( Figure   8 ). This indicates that what is now a topographic high area was previously a relative low, collecting MTDs, and has then uplifted. The uplift of this area (hereafter called the uplifted basin) is one of several subtle, but significant morphological changes that occurred between the deposition of horizon H4 and horizon H2.
The stratigraphic sequences in this uplifted basin south of the main fault can be compared (Figure 3 ) both in character, thickness and geometry with the stratigraphic sequences observed north of the fault in an area extending from the topographic high to below the Eastern Basin. The basin filling layers H4-H3 and H6-H5 are found on both sides of the fault and thin toward the NE. Moreover, the MTD complex above reflector H4 is found on both sides and its geometry and character suggests it was a single continuous body extending across the present trace of the MMF (Figure 9) . South of the fault, the top horizon of the layer containing MTDs above H4, horizon H3, pinches out against horizon H4 along a smooth onlap line trending N110°, following a buried fault scarp. The onlap line extends from the present-day main fault trace to the southern limit of the dataset (Figure 9 ). At the level of H4, the Western flank of the Southern Ridge is disrupted by erosive mass wasting, and is the probable main source of the slided material (Figure 8 North of the MMF, the interval between H4 and H3 also pinches out eastward, but the onlap line is jagged (Figure 9 ) with an average orientation N150°. Segments of the onlap line appear to follow N110°-N120° faults which present a normal component. This layer extends from the main fault zone to the northern limit of the data set and also contains lenses of incoherent reflections interpreted as MTDs (Figure 3, Figure 8 ). Most of the MTDs are observed within the eastern part of the layer, suggesting the slided material also comes from the east ( Figure 9B ). Isopach maps bring further evidence of the geomorphology during the deposit of the MTDs. Lateral variations of thickness of the sequences are assumed to follow at least qualitatively the topography at the time of deposition. The isopach map of H4-H6 thus indicates that basins on both sides of the fault zone were bonded by ridges on their NE sides La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides and that these ridges may have formed a continuous high, the general orientation of which was apparently controlled by N110°-N120° normal or transtensional faults (Figure 9 , Figure   10 ). South of the fault the N110° orientation of the buried ridge is distinct from the present orientation of the Southern Ridge. We return to this point below. La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides
The interpretation we propose implies a change in the strain distribution around the time of deposition of H4, the present regime probably being established around the time of deposition of H2 ( Figure 6, Figure 10 ). One important point is to understand how the continuous ridge and basin system we propose could have been formed and subsequently cut by the MMF. It is possible that, at least in the shallow sediment, the slip was distributed between several fault strands, also with a larger component of diffused strain. In the present day fault system, the Southern Ridge can be interpreted as a pressure ridge that formed along the transpressive segment of the MMF, located between the two fault-zone basins. However, the NW-SE orientation of the buried ridge and basin system is not compatible with an origin as compressive system (Figure 9, Figure 10 ). One possibility to reconcile those interpretations is to consider that the growth of the southern ridge and the subsidence at its eastern end was determined by a curved strike-slip fault branch running along its southern edge and connecting westward to an array of N110-N120° normal or transtensional faults (Figure 9 and 10). This southern fault branch is recognized in the 3D data set and still displays some local evidence of recent activity (Figure 6 ), but its kinematic importance is now small as most of the deformation now occurs north of the ridge, along the main fault trace and in a zone of distributed deformation further north. It is also possible that the bending of the ridge and basin system results at least in part from passive rotation within the strike-slip shear zone, especially considering the part of the ridge north of the MMF (Figure 9, Figure 10 ). One cannot elaborate further on the tectonic evolution of the North Anatolian Fault in the Western High solely on evidence from the 3D data set, as it covers only a small area. However, the correlation of the stratigraphic sequences across the main fault appears to be a reliable result of the analysis of the 3D data set that could not be achieved easily with 2D seismic lines.
MASS TRANSPORT DEPOSITS CORRELATION AND SLIP RATE ESTIMATIONS
Mass transport deposits immediately above H4 are found within the uplifted basin south of the MMF, as well as north of the fault. On both north-eastern slopes of the basins ( Figure   10 ) the sediments are disrupted by area of erosive mass wasting, which were presumably, the source zones of the MTDs. The H4-H6 isopach map indicates that the unstable slope was dipping SW to SSW along the edge of N110°-N115° topographic high (Figure 9 ), bounded by faults with the same direction. Mass wasting observed on H4 suggests that sediment slid from the flanks of paleo-ridges and large slides were deposited within basins, west of the ridges. It La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides is unlikely that the similarity of the sedimentary deposits in the basins on both sides of the fault is a pure coincidence. The MTDs in both basins are probably part of the same complex, corresponding to the erosion products of a continuous ridge; these deposits appear to be rightlaterally displaced by 7.7+/-0.3 km along the MMF.
All these observations lead us to propose that the MTDs in both basins are part of the same complex, corresponding to the erosion products of a N110° continuous ridge, and offset by the main strike slip fault by 7.7 ± 0.3 km. It is, nonetheless, possible that the folds continued, at least for some time, to grow independently on either side of the fault, and that the MTDs occurred at this time. It would result in overestimating the offset. It is, however, unlikely that the similarity of the sedimentary deposits in the basins on both sides of the fault is a pure coincidence. Assuming a 7.7 ± 0.3 km displacement of the MTD starting from H4, the age model (H4 age = 405-490 ka; Figure 5 and Table 1 ) gives a slip-rate of 15.1 -19.7 mm/a.
The accuracy of the estimate of slip rate estimate we obtain depends on the precise timing of the MTD and the MTD emplacement relative to the glacial cycles. We assigned it to the beginning of MIS-11 and thus to an episode of warming and global sea-level rise, based on the following considerations. The base of this MTD complex lies on H4, which we correlated with the top of an unconformity at MIS-12 in the Imrali basin (Sorlien et al., 2012) , corresponding to a phase of sea-level rise. A similar scenario of increasing mass wasting event has been documented during the last deglaciation, in the Sea of Marmara (Görür and Çağatay, 2010; Özeren et al. 2010; Zitter et al., 2012) and the mass-wasting events cluster before the marine reconnection (Beck et al., 2007 (Beck et al., , Özeren et al., 2010 Vidal et al., 2010) . The age proposed for Horizon H4 and the overlying MTD complex is consistent with the largescale correlation of (Sorlien et al. 2012 ) and the association of MTD occurrence with deglaciation, inferred for that episode, is also observed at the beginning of the Holocene in the Sea of Marmara.
DISCUSSION AND CONCLUSIONS
Given the age constraints on the MTD complex cut by the MMF, which is displaced horizontally an estimated 7.4-8 km, the mean slip-rate along the MMF since the deposition, is 15.1 to 19.7 mm/a, during the last 405-490 ka.. This slip rate represents 75% of the total plate velocity between Anatolia and Eurasia (Meade et al. 2002; Le Pichon et al., 2003; Reilinger et al., 2006; Le Pichon and Kreemer, 2010) . However, in evaluating this, shear partitioning La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides between the northern and the southern branches of the NAF should be taken into account (Flerit et al., 2003; Reilinger et al., 2010; Hergert and Heidback, 2010) . The present-day velocity across the Sea of Marmara is 18 ± 2 mm/a based on GPS (Reilinger et al., 2010) . This value is compatible with the geological slip rate we estimate for the MMF on the Western High if the MMF has been taking up nearly all of the strike-slip motion over the last 405,000-490,000 years. This would imply concentration of slip on a single fault on the Western High. As the strike-slip in the Eastern Sea of Marmara may be distributed between two or three fault splays (Gasperini et al., 2011; Bécel et al., 2010) , it should merge to a single fault in the Western Sea of Marmara, perhaps, in part, along oblique structures such as the Imrali Fault ( Figure 1B) . Our slip estimate is not substantially different for that estimated for the single Ganos fault (18-24 mm/a), the westward continuation of the MMF on land (Motagh et al., 2007) . In the 3D data set, the MMF on the Western High appears as a boundary La Faille Nord Anatolienne dans sa portion immergée en mer de Marmara: Evolution du réseau de failles et migration de fluides between a highly deforming domain to the north and a relatively less-deforming domain south of it which, at the large scale, may be considered as a flower structure (e.g. Rangin et al., 2004) . However, unless the strike slip rate of the Northern branch of the NAF has decreased over the last 405-490 ka, the fraction of plate motion accommodated by distributed deformation in the Western High or by secondary fault branches should be relatively small.
Going further back in the past, we propose that a pressure ridge formed between 450 and 575 ka and was subsequently bent and cross-cut by the present active MMF, suggesting some changes in the distribution of deformation in this area. It is therefore possible that, in the past, deformation was more distributed over the Western High, but this does not necessarily imply a major change in kinematics in the Sea of Marmara. Changes in the strain distribution along this segment of the MMF might occur prior to 330, 000, as such changes which possibly resulted from local fault interaction (e.g. Nicol et al., 2009) , were also observed eastward, within the Central Basin (Grall et al., 2012) .
We conclude that strike-slip motion in the Western Sea of Marmara has been concentrated on the MMF over at least 450, 000 years and that, over this time interval, the MMF slipped at rates approximating to the total geodetic velocity across the Sea of Marmara.
There are hints that the distribution of deformation has changed further back in the past, at least at the local scale of the 3D HR volume we interpreted, but this cannot be quantified from this data set alone. Mass-transport deposits across fault were used as an offset marker, and this approach could, perhaps, be applied to better constrain horizontal slip rates on faults at other locations, in the Sea of Marmara and elsewhere. 
